Increasing resistance of fungal strains to known fungicides has prompted identification of new candidates for fungicides among substances previously used for other purposes. We have tested the effects of known anion channel inhibitors anthracene-9-carboxylic acid (A9C) and niflumic acid (NFA) on growth, energy metabolism and anionic current of mycelium of fungus Phycomyces blakesleeanus. Both inhibitors significantly decreased growth and respiration of mycelium, but complete inhibition was only achieved by 100 and 500 µM NFA for growth and respiration, respectively. A9C had no effect on respiration of human NCI-H460 cell line and very little effect on cucumber root sprout clippings, which nominates this inhibitor for further investigation as a potential new fungicide. Effects of A9C and NFA on respiration of isolated mitochondria of P. blakesleeanus were significantly smaller, which indicates that their inhibitory effect on respiration of mycelium is indirect. NMR spectroscopy showed that both A9C and NFA decrease the levels of ATP and polyphosphates in the mycelium of P. blakesleeanus, but only A9C caused intracellular acidification. Outwardly rectifying, fast inactivating instantaneous anionic current (ORIC) was also reduced to 33±5 and 21±3 % of its pre-treatment size by A9C and NFA, respectively, but only in the absence of ATP. It can be assumed from our results that the regulation of ORIC is tightly linked to cellular energy metabolism in P. blakesleeanus, and the decrease in ATP and polyphosphate levels could be a direct cause of growth inhibition.
INTRODUCTION
The appearance of resistant fungal strains and serious side effects of widely used antifungals have prompted the interest in identifying new drugs with different modes of action against various fungal infections [1, 2] . Fungicide Mancozeb, used in agriculture to control a variety of fungal infections, was found to significantly potentiate the activity of KCNQ2 channel, thereby exerting neurotoxic and neurodegenerative effects [3] . Flutriafol, a plant protection fungicide, induces spontaneous and depolarizationstimulated release of dopamine from rat striatum [4] , and the fungicidal quaternary alkyl ammonium salt QAS depolarizes smooth muscle membrane of rats and guinea pigs through inhibition of the outward K + flux and Ca 2+ influx [5] . On the other hand, some known ion channel modulators exhibit antifungal effects. Antiarrhythmic drug amiodarone, a blocker of Ca 2+ , K + and inactive Na + channels, was shown to inhibit growth of several pathogenic fungal species, most likely via membrane hyperpolarization that drives cation influx [1, 6] .
Anthracene-9-carboxylic acid (A9C) and niflumic acid (NFA) are anion channel blockers widely used in electrophysiological research. Antifungal effects of NFA are already known and it is used as a topical fungicide [7] , whereas an inhibitory effect of A9C on the growth of Neurospora crassa was shown by Hanke et al. [8] . As far as we are aware, there were not a lot of attempts to explain the mechanism of growth retardation by these anion channel blockers. Most of the existing research was conducted on plants, and the authors of the few existing studies propose that the anion channel blockers such as A9C and DIDS (4,4¢-diisothiocyano-2,2¢-stilbenedisulfonic acid) interfere with auxin-stimulated or reduced growth of coleoptile or hypocotyl [9] [10] [11] , as they had little effect on hypocotyl development when applied alone [11] . Analysis of the effect of these blockers in filamentous fungi is limited by the lack of knowledge on their ion channels. So far, only three anion channels have been characterized to a degree: a 43 pS anion channel from Aspergillus niger [12, 13] , a 10 pS outwardly rectified anionic channel (ORAC) from Phycomyces blakesleeanus [14] , and possibly a channel conducting ORIC -osmotically activated, outwardly rectifying, fast inactivating instantaneous current in P. blakesleeanus [15] .
In this study, we aimed to clarify the effects of A9C and NFA on P. blakesleeanus in terms of its growth, energy metabolism and ORIC current activity. A compound can be used as a fungicide only if the host is resistant to it or at least resistant to the concentration of the compound needed for fungal growth inhibition. Therefore, toxic effects of A9C were also tested on respiration of human cells and plant tissues.
METHODS

Growth conditions and sample preparation
The wild-type strain of zygomycetous fungus P. blakesleeanus (Burgeff) [NRRL 1555(À)] was used in this study. For oximetry and biomass yield measurement, spores at concentration of the order 10 5 spores ml À1 were grown in open 90 mm Petri dishes in modified liquid standard minimal medium [16] 4 , supplemented with 220 mM glucose and 26.2 mM L-asparagine to ensure adequate supply of carbon and nitrogen sources for optimal growth of the mycelium. The optimal pH for the growth of mycelium is 4.5 [17] . The osmolarity of this medium was 300-320 mOsm, and the cultivation temperature was kept at [20] [21] [22] C. For mitochondria isolation and NMR measurements, spores at concentration of the order 10 5 spores ml
À1
were cultivated in 500 ml Erlenmeyer flasks containing 250 ml of liquid minimal medium [16] , covered with a twolayer sterile gauze and placed on an orbital shaker (Heidolph Unimax 1010). Mycelium was grown up to 28 h with 180 r.p.m. rotation. For electrophysiology, spores were inoculated in small glass vials with potato dextrose agar medium [18] . After 3-4 days, sporangiophores that reached stage 4 maturity were used for droplet preparation.
Mitochondria were isolated from 28 h old mycelium according to the procedure described previously [19] . Specific activities [U (mg protein)
] of marker enzymes in the pellet/ soluble fraction were as follows: cytochrome c oxidase 1.24/0, hydroxypyruvate reductase 0.02/0.11 and NAD(P)H cytochrome c reductase 0.06/5.39, thus showing that the final pellet is mitochondria-enriched fraction of substantial purity.
For electrophysiological measurements, fungal cytoplasmic droplets were prepared as described previously [14, 15] .
Four clinical oral isolates of Candida albicans, 475/15, 10/ 15, 1/6/15 and 503/15, were kindly provided by the Laboratory of Mycology, Institute for Biological Research 'Siniša Stanković', University of Belgrade, Serbia. Proper identification of fungal colonies was performed [20] . C. albicans species were maintained on Sabouraud dextrose agar (Merck).
Seeds of Cucumis sativus L. (cucumber) were placed on a wet filter paper in sterile Petri dishes, wrapped in aluminium foil and left in a chamber maintained at 22 C for 5-7 days.
Non-small cell lung carcinoma NCI-H460 cell line was a generous gift from the Laboratory for Molecular Neurobiology, Department of Neurobiology, Institute for Biological Research 'Siniša Stanković', Belgrade, Serbia. Cells were maintained in RPMI 1640 medium supplemented with 10 % FBS, 2 mM Lglutamine, and 10 000 U penicillin ml
, 10 mg streptomycin ml À1 , 25 µg amphotericin B ml À1 solution at 37 C in a humidified atmosphere at 5 % CO 2 . Cells were subcultured at 72 h intervals using 0.25 % trypsin-EDTA and seeded into a fresh medium at the density of 8000 cells ml
.
Biomass yield and antimicrobial activity measurement For biomass yield measurement, P. blakesleeanus mycelium was grown in Petri dishes for 16 h when A9C, NFA or DIDS was applied. Biomass was measured at 16 h for control and at 28 h for control and treatments. Yield gain was determined as control (or treatment) 28h À average control 16h , and growth inhibition was determined as (yield gain/average control 28h )Â100.
Minimum inhibitory (MICs) and minimum fungicidal concentrations (MFCs) of A9C and NFA on C. albicans strains were determined by microdilution method in 96-well microtitre plates as previously described [21] . Fluconazole (Hemofarm) was used as a positive control.
Oximetry
Oxygen consumption of P. blakesleeanus mycelium, mitochondria and NCI-H460 cells was measured with a Clark-type oxygen electrode (Qubit Systems). Mycelial suspension was diluted in fresh liquid minimal medium to appropriate concentration and aerated for 1 min prior to the measurement. Two millilitres of suspension containing 12.1±0.5 mg ml À1 (n=5) fresh weight of mycelium was transferred to a 4 ml electrode chamber and kept at a constant temperature of 25 C. Mitochondrial aliquots (10-30 µl) resuspended in isolation medium B [19] were mixed with respiration medium consisting of (1 : 1) medium B and a solution containing 120 mM KCl, 5 mM MOPS/K 2 HPO 4 , 5 mM MgCl 2 , 2 mM EDTA and 0.1 % BSA to a total volume of 300 µl in a 1 ml chamber. Respiration of mitochondria was initiated with 1 mM NADH and 5 mM succinate. NCI-H460 cell line was resuspended in RPMI 1640 medium to a concentration of 5Â10 6 cells ml
À1
, and 300 µl samples were measured in a 1 ml chamber. Respiration of C. sativus root sprout clippings was measured in a modified 2.5 ml chamber (Hansatech Instruments), fitted with a plastic insert that kept tissue pieces from interfering with the magnetic stirrer. Root sprouts were cut into 5 mm-long clippings whose respiration was measured in medium containing 10 mM HEPES (pH 7.2), 10 mM MES, 2 mM CaCl 2 and 100 mM sucrose [22] .
Inhibitors at appropriate concentrations were applied directly to the electrode chamber. Respiration was analysed 2-4 min following the application of agents.
Electrophysiology
The membrane currents in the whole-cell patch-clamp configuration were recorded by AM Systems 2400 amplifier and Clampex 7 software (Molecular Devices) at room temperature (25 C). Signals were low-pass filtered at 2 kHz, digitized at 10 kHz by a Digidata 1200 interface and analysed in Clampfit 10.0 (Molecular Devices). R m , R a and C m were monitored through the membrane test feature of Clampex 7. Patch pipettes from borosilicate glass capillaries (Science Products) filled with intracellular solution had 2-5 M resistance. All recordings were made under conditions of osmotically induced swelling ('hypo-osmotic'), with a 55 mOsm difference between bath and hyperosmotic intracellular solutions. The intracellular solution was 65 mM potassium glutamate, 60 mM KCl, 2 mM MgCl 2 , 2 mM EGTA, 10 mM HEPES and 280 mM sucrose (550 mOsm), pH 7.2 (KOH). Extracellular solution contained 65 mM potassium glutamate, 60 mM KCl, 10 mM HEPES, 2 mM MgCl 2 , 1 mM CaCl 2 and 225 mM sucrose (495 mOsm), pH 7.2 (KOH). Osmolarity of solutions was measured with a vapour pressure osmometer (Vapro 5520). To determine ATP effects on current sensitivity to anion channel blockers, 2 mM ATP was dissolved in intracellular solution.
Examined anion channel blockers were added to the extracellular solution after control recordings. Whole-cell currents were activated by the voltages stepped from the holding potential of À50 to À130 mV, and up to +90 mV in 20 mV increments. Each step lasted 500 ms, after which the membrane was allowed to recover for 530 ms at the holding potential. Activated current was measured as the difference between the current at the holding potential and the current at the step potential.
NMR measurements
For NMR measurements, 24 h old mycelium was collected by vacuum filtration and washed with experimental medium containing 110 mM glucose and 13.1 mM L-asparagine, 125 mOsm, pH 4.5. An amount of 600 mg fresh weight of mycelia was suspended in 2 ml of aerated experimental medium and packed in a 10 mm diameter NMR tube. Spectra accumulation time was 6 min. Applied concentrations of 1 and 2 mM A9C were comparable to those of 50 and 100 µM A9C, respectively, used in oximetry measurements when expressed as moles per weight (3 and 7 nmol mg FW
À1
for NMR, and 4.1 and 8.2 nmol mg FW À1 for oximetry). The experiments were performed using an Apollo upgrade, Bruker MSL 400 spectrometer, 161.978 MHz for 31 P. The assignment of NMR spectra and spectral line intensity evaluations were performed as described previously [23] .
Chemicals and solutions A9C, NFA and DIDS were from Sigma-Aldrich. A9C and NFA were dissolved in 96 % ethanol; DIDS was dissolved in deionized water. All other chemicals were from commercial providers and of analytical grade.
Statistical analysis and figures
The samples were compared statistically using t-test or oneway ANOVA at the 5 % level of significance (P<0.05) with the SigmaPlot program, version 12. 
RESULTS
A9C and NFA reduce growth in P. blakesleeanus mycelium and C. albicans A9C had no effect on yield gain of P. blakesleeanus mycelium at minimal tested concentration of 50 µM, after which it showed an increasing inhibitory effect and reached a plateau at around 500 µM, where it inhibited 84.7±1.6 % of the control yield gain (Table S1 , available in the online Supplementary Material). NFA had no effect at minimal tested concentrations of 1 and 5 µM, and reached a plateau around 100 µM with 100 % growth inhibition. Unlike A9C, NFA completely inhibited growth at the highest applied concentrations of 100 and 200 µM, which led to a decrease in biomass yield, probably due to decay of dead mycelium (Table S1 ). DIDS, tested in its usual concentration of 500 µM used for anion channel inhibition, had no effect on mycelium yield gain (Table S1 ). IC 50 values were 130 µM for A9C and 23 µM for NFA (Fig. 1a) .
Fungistatic effects of NFA are already known for Candida spp. [24] , so the effects of A9C and NFA were tested on four strains of Candida in order to compare them to already known data for this well-known pathogen. MIC and MFC were also compared to the standard fungicide fluconazole (Table S2 ). For both A9C and NFA, MIC and MFC were smaller than those for fluconazole, except in the case of A9C MIC for C. albicans 475/15, meaning that their anticandidal activities are more potent.
A9C and NFA decrease oxygen consumption rate of P. blakesleeanus mycelium but not of isolated mitochondria Many fungicides are known to achieve their effect through inhibition of the respiratory chain components [25] [26] [27] . The effects of rising concentrations of A9C and NFA, and 500 µM DIDS were tested on oxygen consumption rate of P. blakesleeanus mycelium. Detailed results are presented in Table S3 and Fig. 1(b) . Again, NFA was a more potent inhibitor than A9C, with 2.8 times lower IC 50 (Fig. 1b) . DIDS had a very small inhibitory effect of 8.6±1.4 % on oxygen consumption rate.
A9C was tested on NCI-H460 cells and clippings of cucumber root sprouts. Applied concentration of 500 µM had no effect on respiratory rate of NCI-H460 cells, but it decreased respiratory rate of root sprout clippings by 19.4±2.8 % (n=8). Solvent ethanol had no effect in either case.
Previous experiment showed that A9C and NFA exert strong inhibitory effects on respiration of P. blakesleeanus mycelium but did not indicate if they were directly affecting components of the respiratory chain. Therefore, inhibitors were tested on isolated mitochondria. Inhibition of the rate of oxygen consumption was 8.9±2.3, 8.4±2.3 and 6.3±1.8 % for 200, 500 and 800 µM A9C, respectively, and 46.7±11.8 % for 500 µM NFA (Fig. 2) . The displayed values are corrected for the effect of solvent ethanol, whose inhibitory effects on respiration may be attributed to its qualities as a modulator of lipid bilayer properties [28] .
Decrease in ORIC is caused by A9C and NFA in the absence of ATP The outwardly rectifying, fast inactivating instantaneous anionic current (ORIC), sensitive to A9C, was characterized previously for P. blakesleeanus membrane [15] . Whether the effects of A9C on respiration are connected to its effect on ORIC current was tested using whole-cell patch-clamp technique. In the control conditions (no ATP in the pipette solution), ORIC current was significantly reduced by 1 mM A9C to 33±5 % of its pretreatment size (paired t-test of ratio P=0.014, 95 % confidence interval of remaining current 0.19-0.50). A9C had no effect with 2 mM ATP in the pipette solution (Fig. 3a-c) , suggesting that the inhibitory effect of A9C on ORIC is abolished by replenishing ATP. The same type of experiment was performed with 0.5 mM NFA (Fig. 3d-f ). The ORIC current was reduced in control conditions to 21±3 % of pre-treatment size (paired t-test of ratio P=0.036, 95 % confidence interval of remaining current 0.12-0.37), while in the presence of 2 mM ATP, NFA had much smaller effect than in the control conditions (88±4 % remaining current), but still significant (P=0.0143, 95 % confidence interval 0.79-0.98).
ATP level is decreased by A9C and NFA Since A9C and NFA had significant inhibitory effect on respiration of P. blakesleeanus mycelium, we examined changes in energy metabolites, such as ATP and polyphosphates (PolyPs), by 31 P NMR spectroscopy. All presented changes occurred within 6 min of spectra accumulation.
Three phosphate groups in the ATP molecule result in the appearance of three signals in NMR spectrum, but only the signal at À19 ppm (bATP) originates solely from ATP [29] . All ATP signals decreased after addition of A9C (Fig. 4a, c) . The most prominent decrease was detected in the bATP signal intensity, 44.0±3.7 and 90.8±5.5 % for 1 and 2 mM A9C, respectively, indicating a drop in the concentration of ATP. As PolyPs are considered a potential energy reserve in prokaryotes and fungi [30, 31] , it would be expected that a process that depletes cellular ATP also affects PPc (core PolyP) signal, but only a minor decrease was observed in its intensity, 9.5±2.5 and 20.8±3.5 %, for 1 and 2 mM A9C, respectively. Simultaneously, the intensity of inorganic phosphate (Pi) signal increased by 26.2±0.1 and 31.9±0.1 %, depending on the applied concentration. The observed rise in its intensity after treatment could be partially attributed to coalescing of two Pi signals [cytoplasmic Pi (Pic) and vacuolar Pi (Piv)] and the decrease in intensity of other signals in the spectrum (Fig. 4a) . A9C also caused an upfield shift of pH-sensitive signals, Pi and PPt (terminal PolyP and pyrophosphate) (Fig. 2a, d ). Separation of Pic and Piv was observed in two out of five recorded spectra, and addition of A9C shifted Pic by 0.3 p.p.m. (Fig. 4d) , which corresponds to cytoplasmic acidification of approximately 0.3 pH units. Concomitantly, the change in position of PPt signal of 0.4 ±0.1 ppm (n=4) suggested a drop in vacuolar pH of approximately 0.3 pH units, from 5.8 to 5.5, according to Viereck et al. [32] . Addition of 1 mM NFA also affected the cellular energy status, which was reflected as the decrease in intensities of all signals except Pi, which increased (Fig. 4b) . No shift of signals within spectra was noticed after application of NFA (Fig. 4b) .
DISCUSSION
The action of two frequently used anion channel blockers, A9C and NFA, on growth, respiration, phosphate metabolism and anion current activity in P. blakesleeanus was investigated in this study. A9C and NFA both inhibited growth of P. blakesleeanus, but while NFA was able to completely abolish growth at concentrations of 100 µM and higher, for A9C a plateau was reached at 500 µM, with incomplete growth inhibition. Similar to our results, growth of N. crassa was shown to be sensitive to anion channel blockers, with pattern of efficacy NFA>A9C>EA (ethacrynic acid) [8] , and C. albicans was found to be sensitive to NFA [24] . We then compared the effects of A9C and NFA on C. albicans to commercial fungicide fluconazole and showed that it was a less potent inhibitor of growth than A9C and especially NFA. In our study, inhibitory and fungicidal effects of NFA on Candida were somewhat smaller than in the research by Baker et al. [24] , where 50 and 90 % of growth inhibition were attained at 0.37 and 0.5 mM, respectively. For P. blakesleeanus, NFA IC 50 was only 23 µM, which shows that the effects of tested inhibitors are both species and strain dependent. One must be careful with interpretation of comparative results since growth was determined by different methods for P. blakesleeanus and Candida, as one is a filamentous fungus and the other one a yeast.
As we previously stated, thefew studies on mechanism of A9C and NFA growth reduction were concentrated on interactions of chloride channels with auxin in plants. Our results on the effects of A9C and NFA on respiration of P. blakesleeanus suggest that other mechanisms, apart from anion channel block, could be included in A9C-and NFAinduced growth retardation. A report by Baker et al. [24] also connected growth inhibition by NFA in C. albicans with inhibition of cellular respiration and depletion of ATP. It appears that, in fungi, growth inhibition by anion channel blockers could be a consequence of electron transport chain (ETC) inhibition. However, different results were obtained in a study by Verhaeren [33] , where various substituted anthracene derivatives exerted uncoupling activity on isolated mitochondria of Phaseolus aureus, but A9C itself was not tested in this study. Another well-known anion channel blocker, NPPB [5-nitro-2-(3-phenylpropyl-amino) benzoic acid], had an uncoupling effect on both mitochondria and plasma membrane of phagocytic cells, thereby disturbing cytosolic pH [34] . A9C and NFA, like NPPB, have structural similarities to protonophoric uncouplers: dissociable proton, a strong electron withdrawing moiety and a bulky hydrophobic group that favours solubility of the molecules in the membrane bilayer [34] , suggesting that their mechanism of action could also be uncoupling. Surprisingly, neither exerted an uncoupling effect on P. blakesleeanus mycelium or mitochondria. When A9C and NFA were applied to isolated mitochondria, their effects were either negligible or reduced when compared to effects they had on the mycelium. All this implies that the effect of A9C and NFA on respiration is indirect, possibly through anion channel inhibition. Effects of A9C and NFA on the rate of oxygen consumption by mitochondria isolated from 28 h old mycelium of P. blakesleeanus. Protein concentrations in three separate isolations were 2.9, 2.2 and 3.4 mg ml À1 . Initial oxygen consumption in isolated mitochondria with 1 mM NADH and 5 mM succinate as electron donors was 0.31±0.04 µmol O 2 min À1 (mg protein) À1 (n=30). There was no statistically significant difference between the three applied concentrations of A9C (P=0.8, one-way ANOVA; n!3).
Intracellular acidification is among the effects of some anion channel blockers. According to Brown and Dudley [35] , a 100 µM pulse of NFA caused a significant DpH i of 0.46±0.02 in cultured renal epithelial cells. Our NMR results (Fig. 4) show a decrease in pH i of P. blakesleeanus after application of A9C, but not after NFA. This may be due to a low sensitivity of the method and short accumulation time. At pH 4.5, which is the pH of both oximetry and NMR working media, NFA should mostly exist in its monoprotic and most lipophilic form, which dissociates to anion and H + after entering cytosol [8, 24, 36] . As A9C and NFA have inhibitory effects on the activity of ORIC, their application in our hypo-osmotic experimental conditions used for NMR and oximetry (125 and 300-320 mOsm, respectively) should cause hyperpolarization of P. blakesleeanus plasma membrane. Low Cl À concentration in extracellular media (0 mM for NMR and 0.75 mM for oximetry), compared to intracellular Cl À concentrations in filamentous fungi in the range of 40-100 mM [37] , makes the ORIC current always carried by the efflux of the Cl À from the cell; hence, ORIC activity depolarizes membrane potential. This block-induced hyperpolarization would lead to a decrease in the activity of plasma membrane H + ATPase [38, 39] , responsible for pH i regulation. Intracellular acidification caused by A9C, observed in NMR experiments, inhibits phosphofructokinase, a pH-sensitive, rate-limiting step of glycolysis [40] , thereby reducing substrate supply for mitochondrial ETC and, ultimately, ATP synthesis. However, changes in pH should be further tested by a more sensitive method, such as application of pH-sensitive fluorescent probes. Decrease in ATP was confirmed by NMR study for both A9C and NFA. Also, ORIC inhibition could cause elevated cytosolic concentrations of Cl À in P. blakesleeanus, thus stimulating vacuolar H + ATPase [41] , which is supported by the observed upfield shift in PPt signal corresponding to a change of 0.3 pH units. As glucose cannot be used as an energy source in experiments with isolated mitochondria, this mechanism could explain the difference in the effect on respiration of mycelium and mitochondria.
However, patch-clamp results show that ORIC is far less sensitive to inhibitors in the presence of physiological concentrations of ATP, so the effect on this channel may not be the first in the series. ORIC shows a close resemblance to volume-regulated chloride current (VRAC), whose activation requires nonhydrolytic ATP binding [42, 43] . Patel and co-workers [43] have shown a tight link between cellular energy status and VRAC activation, connected to ETC in a more direct way than through ATP decrease. In their work on mouse fibroblasts, VRAC was inactivated by ETC inhibitors even in the presence of physiological concentrations of ATP. Similar results were obtained by Ballatori et al. 45], who showed that metabolic inhibitors, such as antimycin A, 2,4-Dinitrophenol (2,4-DNP) and KCN, decrease conductivity of VRAC for taurine (anionic osmolyte) in skate hepatocytes by decreasing cellular ATP/ADP ratio. Both uncouplers and respiratory chain inhibitors lead to inhibition of VRAC or, in our case, ORIC, which is not surprising since the outcome in either case is interruption of oxidative phosphorylation. Interruption of oxidative phosphorylation could also cause ATP synthase to run backward and consume ATP [46] , thereby causing additional ATP loss and hyperpolarization of inner mitochondrial membrane. If this was the case, application of classical mitochondrial uncouplers such as Carbonyl cyanide 3-chlorophenylhydrazoneor 2,4-DNP should have protective effect on respiration in the presence of A9C and NFA. This was not the case with either of these uncouplers (results not shown), but they also had no uncoupling effect on untreated mycelium, so changes in mitochondrial transmembrane potential as one of the consequences of A9C and NFA treatment cannot be discarded in further investigations. Lack of uncoupling effect may be attributed to the fact that mycelium was in the exponential growth phase and therefore might be close to the upper limit of the ETC capacity.
We have demonstrated that A9C and NFA show fast and complex effects on cellular metabolism of the fungus P. blakesleeanus. Changes were recorded in intracellular pH, levels of ATP and some other phosphate metabolites, respiration rate of the mycelium, and ORIC. Even though we were not able to identify the first step in the action of tested inhibitors, if there is indeed only one, it is clear that, like in the research by Patel et al. [43] and Ballatori et al. [44, 45] , cellular energy metabolism is closely linked to regulation of ORIC. Decrease in mycelial biomass yield after A9C and NFA application could be a simple consequence of ATP decrease, but assessment of bioenergetic parameters should also be done after incubation, since only acute effects of A9C and NFA application were studied here.
NFA is already a known topical fungicide [7] . A9C showed similar effects on metabolism of P. blakesleeanus as a model organism and significant fungistatic effect on a known pathogen C. albicans. Lack of its effect on respiration of tested NCI-H460 cell line and a small effect on respiration of root sprout clippings show that A9C deserves to be further studied and considered as a potential drug against pathogenic fungi.
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